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Lesson 1: Energy Basics
Energy = Motion in Mechanics

Motion = Speed
The more speed an object has the more energy it “carries.”

Direction doesn’t matter — Energy is a scalar, no X, )V, 2

Energy transferred to an Object = Object speeds up
Energy transferred away from an Object = Object slows down
How is this energy transferred?

Forces act on objects making them speed up or slow down thereby
transferring energy to them or from them.

Work = Energy in Physics, it is “Energy” that a force produces when
the force pushes or pulls on the mass #
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Mathematical Definition of Work (Energy) — Dot Product

W — F. Ajf W = the energy that a /|
force transfers to or
. from an object as the
W — F (Ax) COS QF,Ax object MOVES over a

distance Ax
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1-D Example Problems: .

1. Aracecar is sitting on the track when a force of 1500 N to the East is exerted on it
which moves it 10 m to the East. What is the angle between the force F and the
displacement Ax? What is the work done by the force?

2. Aracecar is moving down the track to the East when a force of 500 N to the West is
exerted on it. The car continues to move 20 m while the force is exerted. What is
the angle between the force F and the displacement Ax? What is the work done by
the force? '

i

2-D Dot Products v |

How to take the dot product of any 2 vectors.
1. Draw vectors from a common origin
2. Take angle between vectors. Note: MUST be between 0° and 180°

X

3. Multiply to get answer ( no X, 7, Z)

X

\ -
(\F\‘

Ax=25m

Ex. Prob. 1: What is the work done by the above force?
s
F-oN W= § Ax cos®

% 1 [l o 0
NX ? ’D\f‘;‘ N ‘ IOI\‘; &Tl’:) ;’“ﬂ) (oS % ®)

O 35 W = Qo4 T RIY |



Total Work (Net Work)

The total work done on a particle that moves from position x; to x;

where AX = X, — X is:

w=(F OM)+(F§Z OM)+(F; oM)+...

W = (FIA)? cos B) +( F,Ax cos 0) +( F,Ax cos 0) +...

2-D Example Problem

Calculate the total work done on a mass m as it moves from position

Xx1=0mtox;=40m

/ F,=6N
F;=2N

VN 0
B,=2 N+ —¢1"— FI=5N
' >
|
X=0 X = 40
{1 , & ToThL WORK
£ - 0 »
6727 | 154, 2UAJ
0= GR(HOm)cos 5 (157
— Js * ' \J
W 154, 201 v Ao
e
1aa.093



Lesson 1 Problems: Work

1. A 900-N crate rests on the floor. How much work is required to move it at constant speed (a)

6.0 m along the floor against a friction force of 180 N, and (b) 6.0 m vertically?
o . § - 190N b, ¥ = 900N
% = (pm Ax = (o~

©-=0 . 06:0°

W = 130N (o) cosO 108% ,\ () = qooM((w)(oSO } :)L/Oofj';

e - —

2. How high will a 0.325 kg rock go if thrown straight up by someone who does 115 J of work on

it? :J;:glfclt%ai’;\rzs%ance. U\) " -r/_\_"x Lo (9
W= 153 5= 3, (55(6")\)6050
F—: E’ o< 3}({“‘5 Fl SX ?C-v 1 {{n

3" S e

&=

3. A hammerhead with a mass of 2.0 kg is allowed to fall onto a nail from a height of 0.40 m. What
is the maximum amount of work it could do on the nail? Why do people not just “let it fall” but
add their own force to the hammer as it falls?

=l W= § & co;@ RODING fozct BICREASES

ThHe  PmoonT OF WoLK

Af)( = LIW\-— Iq (ﬂ( L}) cos Done To T Nl

= m RO M- 7,547 |
o=
4. Agrocery art with mass of 18 kg is pushed at constant speed along an aisle by a force F=12 N.

The applied force acts at a 20-degree angle to the horizontal. Find the work done by each of the
forces on the cart if the aisle is 15 m long.

“ { ANO { do not  Ccowse (stplc\c,gnf\eer
% N}
- o oy do no work,

50
N - fl\ AX (0S5 T

= 12N (\Jm) fiss oy
W = f oxcse- (lac.os'QO)(;

W

\.—/—_—

((, l(&'n \Lf:j_!
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5. Eight books, each 4.6 cm thick with mass 1.8 kg, lie flat on a table. How much work is required

to stack them one on top of another? , T TAL - ?_f& ») &q j

B SR T N & ‘\JS) 21%013%\’*‘%
B ) () Book 54 1= 17.04N (4 046)) = 3.4576F
Book 2 AN 2, O e BOOKpt ()= 1, M (5(‘0%\) 2 L4.0‘6723'

Rook 3¢ (1) 2 7, GYN(2 (ot = [0228RT _ _ o
ook 4 W+ 1764 (3oucn)) * 3T B B 17.64(7(040)" 5. 63008

6. A 280-kg piano slides 4.3 m down a 30 degree incline and is
kept from accelerating by a man who is pushing back on it
parallel to the incline (Fig. 6-35). The effective coefficient of
kinetic friction is .40. Calculate: (a) the force exerted by the
man, (b) the work done by the man on the piano, (¢) the work
done by the friction force, (d) the work done by the force of .
gravity, and (e) the net work done on the piano. FIGURE 6-35

m = 280k
A= Y3

. gr?_'[:bg*hrsmezo 0
J W ¥ Ax Cos8

o ponq 20+ mqsn30°O - 7744 (4.3) cos 0O
= zajaemanantitlds - 5¥9.6 )

}:QWHM e 5‘8‘71@-‘-{0%‘13@-13&3@

h. W:Fax cose  6:1%0° \w=0J ! (o 25 Sc’z‘)_‘t;
<t s (4,3) =)W I3 EWE

Wi EDXcosE | | :
: : /Wg’ 50O X o5 O =Y(aroft .‘%}cm?}ﬁ&l 3\) cos|EO gﬁ) U097, 263 E

L

T e




Lesson 2: Work — Kinetic Energy Theorem

[ For a constant net force, the acceleration is constant and we can
use:

I > F,. =ma, (Newton's 2nd Law)
I1. V2 = viz +2a, Ax  (Const. Acceleration Equat.)
Fx
O——— ©
Vi N

Solve II. for Ax:

Substitute Ax into W,

n

etEFxAx

K

=
2 is called Kinetic Energy (KE)

The quantity %mv

Energy due to motion
1 2 If an object has speed
2 it has kinetic energy
Note: KE is a scalar
quantity

1, 1 Work — Kinetic
done A N = Energy Theorem




TO PROBLEM SOLVE USE

done ~ 2 f 2 i

Ex. Kinetic Energy is a Scalar Quantity Problem

A 3 kg ball is thrown at a wall with ¥; =5 m/s X. The ball loses some
energy when it strikes the wall. The ball rebounds with a velocity
17f =42 m/s X

a.) Calculate the change in KE of the particle.

b.) If the final velocity of the ballis v, = =5.0 m/s X what would be the

net work done on the ball?
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Lesson 2 Problems: Work — Kinetic Enerqy Theorem

7. At room temperature, an oxygen molecule, with mass of 5. 31 x 1072 kg, typically has a KE of

about 6.21 x 101 ). How fast is it moving?
_ . c’k K{ &’\(\
Y = 5.31x10 ‘j‘} N
. ) o R ) (£ 2] Vo )
KE = G x> GAND =5 (53N
Vo T IV = 433.63 “/s

8. (a) If the KE of an arrow is doubled, by what factor has its speed increased? (b) If its speed is
doubled, by what factor does its KE increase? -

n. o K& = 5'\””' (L_V) y speed increnas \

9. How much work is required to stop an electron (m=9.11 x 103 kg) which is moving with a speed

Ofl'goljplojg/;? x> W= AKE = Z» vﬁ- é\mv\g
= Q,
Vs 1 anp? s W- -4 10’3')( Hia)
v, = 0" W~ -[eHxI07 J";

10. At an accident scene on a level road, investigators measure a car’s skid mark to be 88m long. It
was a rainy day and the coefficient of friction was estimated to be 0.42. Use these data to
determine the speed of the car when the driver slammed on (and locked) the brakes (why does the

carsma.ss not matter?) LU AX co5Q = \ .’-7:"_ 1 m \’
Ax = S3m Fax 2% 2
/u\\ = ‘H;l %ﬂ{y‘( (_tw,)( (\'io am‘\!,
Vt = OM/S bia((f ngﬁ oS ,'8(\') - < \.’
Vi = & o ‘115“/5‘

11. One car has twice the mass of a second car, but Orﬂy half as much kinetic energy. When both
cars increase their speed by 5.0 m/s, they then have the same kinetic energy. What were the

Ariainal cnande AfF FhA FouA ~aerD s
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Lesson 3: Understanding Potential Energy

iz G j

Sopyrght 1658 by Jobhn Witey and Boie, Ine, Al dghts sesaryed,

History of Science: Enrique Joule’s Experiment

What happens as the masses drop?

Potential Energy —> Kinetic Energy ->Therma| Energy (Heat)
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On the way up. | On the way down . . .
Click, click, click. . .

ye=h=10m -----omommmmooceeeee T
As you lift a mass to Ay ;rI,S th(; m.az?;all:vh r
height h, what is the OB ng- , W ba’
work done by O is thet wor done by
gravity? O l l gravity?

i F, Ay Fy
W,=F, oAy
= mg(4y)(cos 1807)
=-mg ()/’ = )
Vi=0  emremeemmeeeceeeeoos Bl st

As you lift a mass against gravity, picture a roller coaster click-clicking up its very tall first
hill. The motion, Ay, of the coaster is against the force of gravity, so gravity does
negative work. The gravitational potential energy being stored is the following:

APE = Wdoneby

gravity
APE =+mg(yf—yi)

Then as the roller coaster reaches the top of the hill, all the potential energy is unloaded.
The force of gravity does positive work (force and displacement vectors in line), and the
roller coaster flies down the hill, converting all that potential energy into heart-in-your-
throat kinetic energy.
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The Mathematical Potential Energy function for Gravity as:

Uly) = mgy

Potential Energy Functions

The value for the potential energy is given by the mathematical
function that is used to calculate the work done by a conservative

force
Wgravity = —A(mgy )

R U(x)gravity =mgy

U

A

PE, =mgy
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Conservation of Energy — No Friction Problem
Potential Energy is converted into Kinetic Energy and Kinetic Energy

is converted into Potential Energy PERFECTLY if Friction is not
present.

u (KE; + PE;) = (KEf + PEs)

The TOTAL ENERGY = KE + PE at any point in time

In Physics

TOTAL ENERGY = ME (Mechanical Energy)

*ME REMAINS CONSTANT IF NO FRICTION*

EX. A 1kg mass is dropped straight down from a height of 20 m. For each of the heights
below find KE, PEand ME. a.)y=20mb.)y=13mc.)y=7md.)y=0m

lQcehon:
|

i% r“f\: r\ { i (0(‘{) ‘!:f' - 7\ f\tp\

o

2. lets ‘R(\ \'?,jorijr')65’ ﬂjﬁ?f"if‘}\.

— 6%.6° 5 ()"
Py (626 ™ e T] TR

Tm: KE=TAZM =2 my>
274+ L0V
Y = 1590 M/
SILNE | O3] 1)46) | Den> KE = A6 - é\(lwi |
—&'—0“-' | f'\! 2 In\l‘;_qq s
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Lesson 3 Problems: Potential Enerqy; Conservation of Enerqgy

12. Jane, looking for Tarzan, is running at top speed (5.6 m/s) and grabs a vine hanging vertically from
a tall tree in the jungle. How high can she swing upward? Does the length of the vine affect your

anower? AL KE powverted o PE

SR = pagh

5(6({)31 - q%‘l“\ 2y J' )"i': lQ\ - '

13. A novice skier, starting from rest, slides down a frictionless 25 degree incline whose vertical
height is 125 m. How fast is she going when she reaches the bottom?

AL PE converted o K&
po N %}m\ﬂ -

14.  Avroller coaster, shown in Fig. 6-38, is pulled
up to point A where it and its screaming
occupants are released from rest. Assuming no
friction, calculate the speed at points B, C, and D. 30m
?D-\f\'\' {:\ (\\\ P(- D DD T ] y 4iF b4
> RO ’\z\gi\’( BTN
Dot B all KE SR NIRRT
. ) l . FIGURE 6-38
2 — E tJC" '_i C FE ATRe —}J{"‘ By t—y——1/¢ f - i
| | Pl s + DC _
Cf“iig\ K PEs - Rl PE, PL, = KE. + PE,;
F — P | F. i |
q - ':-,‘ ok | oA o l
! (50\ Q\'ﬂ r‘}?'\f*\\ A ;Jrqfi_\\-' *t‘ \9 Hb\e‘ l 2 ‘
N , 1/, | Q af 2\ s Vo d GRS R o ‘
\ ' = ’(;H.;lbl”‘/a ‘, Rl ) gV 4 im’ik‘)‘“ \! l : J
| s ey - ' Ny o~ 215\ r #Toalia
| & ‘ X |
Y DN A i " \ }
\! Q\ fft | ‘/b
| ) ¥ “/
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15. A projectile is fired at an upward angle of 45 degrees from the top of a 265 m cliff with a speed of
185 m/s. What will be its speed when it strikes the ground below? (Use conservation of energy.)
4 1 O w : (ANCH ) (A \U 51 “\ ';

16. A small mass m slides without friction along looped
apparatus shown in Fig. 6-39. If the object to remain on
the track, even at the top of the circle (whose radius is r),
from what minimum height must it be released?

‘i(‘.\‘\in\\/ 3\3%\’ Pé) FIGURE 6-~39
Of (’\Q(- '\Q S"‘r.\\l ON }‘\OD()DJ }”‘16’,{?& 21000 ih P{ ot ‘_h“’{)

ot I’\D{)\O ( (€ =07 Sne j\mL makes e h)p)

N
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Lesson 4: Conservation of Energy with Friction

If friction is present, it “robs” an object of some of its mechanical
energy. The sum of kinetic and potential energies decreases as the
frictional force does work on the object.

(KE; + PE;) # (KE; + PE¢)
Specifically:
(KE; + PE;) > (KEs + PEf)

Example Problem:

A bicyclist (combined mass = 90 kg) starts down a hill of height 50 m
with a velocity of 10 m/s and goes 55 meters up the next hill. How
much work did friction do on the bicyclist? (How much PE and KE

. PE: - YW, = PE, rKE
mah * r.\\ L < il
3 im (o) f‘\ ‘Y, * 0(a8Y55)
Tiien+ H5oa » W 42510

P\\ = DJ_

t(

KE, + PE;+ W, = KE + PEf

FYT: Force of friction
— is always the opposite
Wir =FrrAxcosd direction of the
motion, so friction
_ always does negative
Wi _HFNAXCOSB work, or takes energy
rather than provides it.

| Wi = umgAxcoso
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Example Problem Conservation of Energy — With Friction

A ball bearing whose mass, m, is 0.0052 kg is fired vertically downward from a height, h,
of 18 m with an initial speed v, of 14m/s. It buries itself in sand to a depth, d, of 0.21 m.
What average upward Frictional force, Fs,does the sand exert on the ball as it comes to
rest?

m ° ._(_‘\f..‘»‘)'&ﬂ(\y W= ax= OKE

\A 1‘3 "~ Spring gun
Vs MY ®

L m
Ax = Al

g‘ ) ’? LA ) B : i :‘:‘.I vO

i

C

153D = ¢ (-3\]\)

| F - H.263 N
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Lesson 4 Problems: Conservation of Energy with Friction

17. (Il) A 17 kg child descends a slide 3.5 m high and reaches the bottom Wlth a speed of 2.5 m/s. How
much thermal energy due to friction was generated in this process?

PE, + KT W, P+ e

mah + Wy, = éma '

!7&.?3\15 ’)\ 4 LO( 71,1(}\7)(&'53&
‘—6&(1”17 g’

18. (1) A ski starts from rest and slides down a 20-degree incline 100 m long. (a) If the coefficient of
friction is 0.090, what is the ski’s speed at the base of the incline? (b) If the snow is level at the foot of
the incline and has the same coefficient of friction, how far will the ski travel along the level? Use

energy methods. P s Uv(‘( I( [_

10w &
'\ \M( (¥xc050 = am\f R
BN q Y. &0"\¢+ 0”&(‘\ %\(ioo}roc\%b Ly 41:\]7 ‘aaaa’%ég

5](\&0- e be We = A\d "icl lmx}&
\'\: ?)l’iaoaﬂ'\/ /Mm k: 5 nf’\\J(‘ E
.ol qka b = »—(ﬁaa&o\ > |%=7330, oo

19. (Il) A skier traveling 12.0 m/s reaches the foot of a steady upward 18 degree incline and glides 12.2
m up along this slope before coming to a rest. What was the average coefﬂuent of friction?

KE, P& Y&, P

e X FOJ@ AC l(\
al’ﬂ f}u’}f\r

~(a)” 4/c ‘&)(\aajcwl(go q9(337)

SAEL = 5(0# 304 '(ﬁ
25.054 2 119.50 \’% /M &C\B |
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Lesson 5: Power
Power = The rate at which energy is being used.

74 Average time
Average P=— rate-of-change of
Power At work
W = FA%cos0
Substituting W into the — equation above for P
& P FA%cos8 ©°
A A%

If Fis constant, thenP _FA—tCOSQ

Powder Onits® (Rpits
P=Fvcos@ s (9%

Lesson 5 Problem: Power

20. (1) How long will it take a 1750-W motor to lift a 285-kg piano to a sixth story window 16.0 m
above?

P = 1100 p. W /.
m ’g«%Bk% 150 - L{L%:;
A = 100m- :

.= 38 53(sec
b m{\t F113N t g5, 9OUSRE |

RS 3393 (1k0) = 44, 3BT
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Lesson 6 Springs

For Spring Forces — Hooke’s Law

Ax
Unstretched Length _;I >| Fn

Fs (spring)

<
-

(COOCO0000000000. e

F.(x)=—k Ax (SpringForce)

[J The minus sign means that the force exerted by the spring is always
opposite to the stretching motion.

[1 The proportionality constant k is called the spring constant and different for
different springs.

[] Note: The spring force is always a restoring force. That is, it wants to
restore the mass to the equilibrium position.



21

Spring Force Problem

A 2-kg block is connected to a spring with a force constant k=400 N/m as it oscillates on a

frictionless, horizontal plane, as shown below. We choose the origin of the x-axis as

shown so that the spring is unstretched and uncompressed at x = 0.

a.) Determine the work done by the net force on the block as it moves form x; = 0.1 mto
X2=0.2 m.

b.) If the speed of the block is 3 m/s when it is at x =0.1 m, how fast is it moving as it
passes the point x2 =0.2 m?

I
x=0
I al
| "
\ o %
X
! ! —k x1
in L X1 X2 -k x2
\,I = r"_\:‘_/ -
44 W= 2 (F th\ &
s - Worine = |2 F,(x) dx
_ sprin s
Wspring_E(Fx1+Fx2)Ax SrEe "l
\ ‘ i N ) .
Sobsntere 1=K x _le ko dx

(= oy —hoxy) (0 =%, This is line integral with —kx
| as the integrand. Use the
fundamental theorem of

calculus to get:

(— ke xy — kx% + ko xp + kxlz)

SRS

P

(22,
- Wepring = —Ek(xz — X ) L2

h varing =
: ) 2

i\\ ~ e ':“ f.f IM xl

) ) ; :

_ 2 2
H/spring - _Ek(xz — X )
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Potential Energy Functions

The value for the potential energy is given by the mathematical
function that is used to calculate the work done by a conservative
force

0 ,
Wspring = _A(E kxz] Wgravity = _A(mgy)

L, U(x)gmvf,y = mgy
E U(x)spring :Ekx
A yw

up)

e

v

T OEE D D O EE N EE S B S G S e e e s e e S Mm M M Mmm M M B mm mmm B M Emm Emm M M Sem e Gem e E Em
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Work and Kinetic Energy Problem

The 2-kg block in the figure below is moving with a constant speed of 10 m/s on the

horizontal, frictionless plane until it hits the end of the spring. The force constant of the

spring is 200 N/m .

a.) How far is the spring compressed before the block comes to rest and reverses its
motion?

b.) What is the speed of the block as the spring subsequently comes back to its original
length? '

10 m/s .
m = Ak oo, KE converted o PES
(} l L ‘ 2
A \QW\/ > CUAL IR KX
K =200 m - B
@0y 7 5(00)x

| X = lﬂ’\'

b ' IUQ'C)( ‘M\"_f‘\r‘ b’}.( k.UC‘C’\((‘Rs/ ng (’CG\IP,(‘!'(?(A +0 k{:

~—

N ] &l
KX& = {lN\\J

L (2o0)1) = l@)v?

A

P
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Lesson 6 Questions and Problems

23. You have two springs that are identical except that spring 1 is stiffer than spring 2 (k1 > kz2). On
which spring is more work done (a) if they are stretched using the same force, (b) if they are stretched

. s Tpn e T pon
the same distance? VO _.é k (/\{ - X, ‘1) = 'r X Frkx

i 5906 | §TRETRES | Moneé force 1o
o MoRe on [ 4 155 So mose \WWhaK N b MoLE ON K\ Lf;mm_n spenG, |

SPRING I, So poee WYEK

24, Describe the energy transformations when a child hops around on a pogo stick.

SPRNG  POTENTIAL = KINETICS GranitATioy POTENTIAL-S

LNET\C > SPRING PoTé NTIAL, 2t¢
' ,

25. A spring has a spring constant, k, of 440 N/ m. How much must this spring be stretched to store
25 J of potential energy?

| Ly, LB
k T L“‘!DM AL PE &K&h)(
—_ ; - o}

b #'G | i
\A %737 M- x\.

26. A 75 kg trampoline artist jumps vertically upward from the top
of a platform with a speed of 5.0 m/s. (a) how fast is he going as he
lands on the trampoline, 3.0 m below (Fig. 6-37)? (b) If the
trampoline behaves like a spring of spring constant 5.2x10*N/m,
how far does he depress it?

a. KE+PC=KE itV ey
I 2 — ’\ ~ bL b 7;:;;‘;‘77; B s tﬁ - ‘i'. J /‘
éﬁ“\\,‘ 4+ uﬂ\(l}\ T as\' W ey [P s Ol s

;w)\e\%ﬂm@\ SN s sy

3 i k'x

éf‘ml -ff‘,/‘(') | | i /xa -\.'. .
L (#5)(1 'éj) +75(19 3 -5(8 530" )X oo Foer |
QU’OOO/X v TS g L AR, ?Sq O )’X 3(p&m\ ‘.

r——
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27. A mass m is attached to the end of a spring
(constant k) as shown if Fig. 6-40. The mass is
given as initial displacement X, from equilibrium
and an initial speed v,. Ignoring friction and the
mass of the spring, use energy methods to find
(a) its maximum speed and (b) its maximum
stretch from equilibrium, in terms of the given
quantities.

" FIGURE 6-40

AX X, '
VieV, KE+PE = PE

2
L L = 1 R%
On Mx SpEen " zkxu 3

28. An elevator cable breaks when a 900 kg elevator is 30 m above a huge spring (k =4.0 x 10° N/m)
at the bottom of the shaft. Calculate (a) the work done by gravity on the elevator before it hits the
springs, (b) the speed of the elevator just before striking the spring, and (c¢) the amount the spring

compresses (note that work is done by both the spring and gravity in this part).
1% %OL’? OA- UO * W\%}x cos®©
L\ - L0 ’- 3

k g ';}.)f‘ag M/w\

e ————

Qoo 7)(30) > m&*’l (pUDS
b, PE. - KE,

moh s 3y’ SR—
SM
Syt = 124575
o, YE, +PE&= PE’
lmv +mg g
%0\ . L (qw\(ﬁ ‘x\ - %{Hz%{ﬂ fjl =0

2@%7_&3,\2_% ‘Sﬁawaa
fPuwe  Foem =3 M 1M
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27. A mass mis attached to the end of a spring
(constant k) as shown if Fig. 6-40. The mass is
given as initial displacement x, from equilibrium
and an initial speed vo. Ignoring friction and the
mass of the spring, use energy methods to find
its maximum speed and (b) its maximum stretch
from equilibrium, in terms of the given
quantities.

" FIGURE 6-40

28. An elevator cable breaks when a 900 kg elevator is 30 m above a huge spring (k = 4.0 x 10° N/m) at
the bottom of the shaft. Calculate (a) the work done by gravity on the elevator before it hits the
springs, (b) the speed of the elevator just before striking the spring, and (c) the amount the spring
compresses (note that work is done by both the spring and gravity in this part).



